In this paper, a comparative study of the reaction of 1-methylphthalazinium ylides with non-symmetrically activated alkynes in a solid medium by classical heating and under microwaves is presented. The reactants were impregnated on a mineral support (Al 2 O 3 -KF) or were brought into catalytic conditions through interphase solid -liquid transfer in the absence of a solvent and were then subjected to microwave irradiation. The reaction of 1-methylphthalazinium ylides with nonsymmetrically activated alkynes on a mineral support and in phase transfer catalysis under microwave irradiation is a regioselective reaction and results in larger yields in a shorter time than under classical conditions.
INTRODUCTION
1-Methylphthalazinium ylides are zwitterionic compounds, with a 1,3 dipolar structure without double bonds, having internal octet stability (Fig. 1 ). [1] [2] [3] In previous studies concerning the reactivity of 1-methylphthalazinium ylides, theoretical and experimental studies were developed which emphasized the 1,3 dipolar character of 1-methylphthalazinium ylides, as well as the stereochemistry and regiochemistry of 1,3 dipolar cycloaddition of 1-methylphthalazinium ylides with different dipolarophiles. [4] [5] [6] In the theoretical study concerning the regiochemistry of the cycloaddition reactions of 1-methylphthalazinium ylides with ethyl propiolate, the General Theory of Perturbation Limited to the Molecular Frontier Orbitals was used.
The atomic charges, the atomic orbitals coefficients and the energy values from the frontier molecular orbitals were calculated using the MNDO method. 4 From correlation diagrams elaborated using the data in Table I , it can be seen that the reaction of 1-methylphthalazine with ethyl propiolate is charge or orbital controlled HOMO ylide (donor) -LUMO dipolarophile (acceptor) one, because DE HOMOylide-LUMOalkyne < DE HOMOalkyne-LUMOylide . The most likely interaction will be realised between the C 3 ylide atom and the C 2 ethyl propiolate atom (Fig. 2) .
Theoretically, the reactions between cycloimmonium ylides with ethyl propiolate should occur through these two reactions pathways (I and II, Fig. 3) , with the formation of two pairs of regioisomers (A, A' and B, B'). In the case of 1-methylphthalazinium ylides, the reaction with ethyl propiolate is under charge control (path I, isomer A, Fig. 3 ), in accordance with the electronic effects from the ethyl propiolate molecule.
A lot of interest has been shown in the 1,3 dipolar cycloaddition of these ylides to dipolarophiles due to the reaction pathway and the possibility of preparing new pyrrolophthalazinium heterocycles, which would otherwise be difficult to obtain.
Under classical conditions, the 1,3 dipolar cycloaddition of 1-methylphthalazinium ylides takes place in an organic solvent with classical heating. 6 Lately, an increasing number of studies have been concerned with reactions conditions which differ from the classical conditions.
Thus, in accordance with Loupy, 7, 8 who studied solid phase organic reactions and the use of microwaves in organic reactions, the 1,3 dipolar cycloaddition of 1-methylphthalazinium ylides to non-symmetrically activated alkynes, in the solid phase or with interphase transfer catalysis under microwave irradiation, was investigated. 9 
RESULTS AND DISCUSSION
In this paper a comparative study of the reaction of 1-methylphthalazinium ylids with ethyl propiolate in the solid phase, as well as with interphase catalysis with classical heating and under microwaves, and the same reaction under classical conditions, is presented.
A. The 1,3 dipolar cycloaddition in the solid phase under microwave irradiation
The 1-methylphthalazinium ylides were obtained "in situ" through the reaction of 1-methylphthalazinium bromides with potassium fluoride, which acts as a strong base in the anionic activation process. The bromides of N-(p-substituted phenacyl)-1-methylphthalazinium (1, 2, 3, 4) (Fig. 4) and ethyl propiolate were simultaneously impregnated on the solid mineral support (KF -Al 2 O 3 ). The solid mixture was subjected to classical heating or a microwave exposure, whereby cycloadducts were obtained (Fig. 4) . The irradiation was performed in parallel using two kinds of reactors: a usual microwave multimode reactor (Samsung RE-995-CG) having 700 W power, in this case the microwaves are not focused, and a monomode reactor having 50 W power (Maxidigest MY-350 Prolabo) with focused rays and a much more homogenous electromagnetic field. In comparison, the reactions realized under microwave irradiation and interphase catalysis had higher yields than those performed under classical conditions for the same time and temperature.
From the results shown in Tables II and III , it can be seen than for the same time at the same temperature, the reactions performed under microwave irradiation, using both the multimode reactor at 700 W and the monomode reactor, were faster than the reaction performed by classical heating. Similar yields were obtained using both reactors but for different time intervals. The monomode 50 W reactor is more efficient than the multimode 700 W reactor as the reaction times were 15 and 35 min, respectively.
Under classical conditions, when the reaction takes plase in an organic solvent, with classical heating for 4 h, two types of products (pyrrolophthalazinic compounds and dihydropyrrolo compounds in a ratio of 1:3 (Fig. 4) ) were obtained, with average yields of 70 -75 %. 10 However, when the cycloaddition reactions occur either on a solid support under microwave irradiation or in the presence of an interphase solid-liquid transfer catalyst, only the dihydropyrrolo compounds (9, 10, 11, 12) were obtained, i.e., type A regioisomers.
B. The 1,3 dipolar cycloaddition in interphasic solid-liquid transfer catalysis
Interphase transfer catalysis provides for the full contact between a non-electrolytic substrate from an organic liquid phase and an ionic reactive from an aqueous phase or on a solid support having a polar structure. 11 The transfer of the ionic reactant in the organic phase is realised via transfer catalysts, which are tensioactive substances, such as ammonium, phosphonium salts, amines, etc.
In this study, the solid phase was a mixture of potassium fluoride and N-(p-substituted phenacyl)-1-methylphthalazinium bromides and the liquid phase was ethyl pro- piolate dissolved in trioctylmethylammonium chloride -Aliquat 336, which is the catalyst. The formed two phase system was submitted to the action of microwaves using the monomode reactor at 50 W for the same irradiation time as for the solid phase reaction. The results from Table IV emphasize the efficiency of this method in comparison with the classical method. Under classical heating for the same time and temperature, the cycloaddition does not occur. If heating was applied for 6 -8 hours at 130 ºC, the yields of the cycloadducts were 5 -20 %.
CONCLUSIONS
After studying the 1,3 dipolar cycloaddition of the 1-methylphthalazinium ylides with ethyl propiolate in the solid phase and with an interphase transfer catalyst, by classical heating or under microwave irradiation, it can be concluded: 1) the 1,3 dipolar cycloadditions on the solid support are much more efficient than those taking place in an organic solvent because:
-the potassium fluoride on the alumina support is a very strong base causing anionic activation, which, in this case, determines the "in situ" formation of the ylides; -the alumina (Al 2 O 3 ) is a Lewis acid, and its action on the ester function of the dienophiles produces an increased polarization of the double bond; -the solid support allows the reaction temperature to be raised over the boiling temperature of the solvent.
2) the yields of the reactions which are performed under the influence of microwaves, both in the solid phase and with interphase catalysis, are superior to those reactions performed under classical conditions, due to the temperature being more homogeneous and changes in the activation enthalpy and entropy.
3) the monomode reactor is more efficient than the multimode reactor due to the better yield of energy obtained by microwave fascicle focalisation and the more homogeneous electromagnetic field. 4) the cycloaddition reactions between 1-methylphthalazinium ylides and ethyl propiolate are regioselactive. The reaction is HOMO ylides controlled and only regioisomers of dihydropyrrolophthalazine were formed. Their structures were determined by elemental analysis, as well as spectral analysis (IR, 1 H-NMR, 13 C-NMR and MS).
EXPERIMENTAL
The NMR spectra were obtained with a BRUKER AC 300 MHz spectrometer and were recorded in ppm downfield from the internal standard TMS in CDCl 3 . The coupling constants are given in Hz. The IR spectra were recorded with a SPECORD -71 Spectrometer using the KBr technique. The mass spectra were obtained with a JEOL JMS D300 by electron impact (the acceleration energy being 70 eV). The melting points were determined with a BUCHI 250 apparatus and the values are not corrected. For the microwave irradiation, a multimode reactor Samsung RE 995 CG (700 W) and a monomode reactor Maxidigest MX 350 Prolabo (50 W) were used.
General Procedure
A. Solid phase reaction. The cycloimmonium salt (0.01 mol) and ethyl propiolate (0.01 mol) were dissolved in 50 ml anhydrous benzene. To this solution, 10 g of mineral support (KF -Al 2 O 3 ) was added under stirring. After solvent evaporation under low pressure, the obtained solid was heated under classical conditions or exposed to microwaves. The activated solid was cooled and washed several times with 10 ml of benzene. Then, the solvent was evaporated and the product purified by methanol recrystallization.
B. Interphase solid-liquid transfer catalysis. To a mixture of potassium fluoride (0.02 mol) and a cycloimmonium salt (0.02 mol), ethyl propiolate (0.02 mol) and Aliquat 336 (0.02 mol) were added. This mixture was heated under classical conditions or exposed to microwaves using the monomode reactor. After cooling, 20 ml benzene was added. The solution was filtered and the solvent evaporated. The obtained product was recrystallized from methanol. U radu je izlo`eno komparativno prou~avawe reakcije 1-metilftalazinijum-ilida sa nesimetri~no aktiviranim alkinima u~vrstim sredinama klasi~nim zagrevawem i uz mikrotalasno zra~ewe. Reaktanti su impregnisani u mineralni nosa( Al 2 O 3 -KF) ili su bili dovedeni u kataliti~ke uslove me|ufaznim prenosom~vr-sto ‡te~no bez prisustva rastvara~a i tada su podvrgnuti mikrotalasnom zra~ewu. Reakcija 1-metilftalazinijum-ilida sa nesimetri~no aktiviranim alkinima na mineralnim nosa~ima i kataliza faznim prenosom uz mikrotalasno zra~ewe je regioselektivna reakcija, koja u kra}im vremenima daje ve}e prinose nego u klasi~nim uslovima. 
